



Quantum Corrections to Newton’s Lawy
B.F.L. Warda,b
aWerner-Heisenberg-Institut, Max-Planck-Institut fuer Physik, Muenchen, Germany,
bDepartment of Physics and Astronomy,
The University of Tennessee, Knoxville, Tennessee 37996-1200, USA.
Abstract
We present a new approach to quantum gravity starting from Feynman’s formulation
for the simplest example, that of a scalar field as the representative matter. We show
that we extend his treatment to a calculable framework using resummation techniques
already well-tested in other problems. Phenomenological consequences for Newton’s law
are described.
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The law of Newton is the most basic one in physics – it is already taught to beginning
students at the most elementary level. Albert Einstein showed that it could be incor-
porated into his general theory of relativity as a simple special case of the solutions of
the respective classical field equations. With the advent of the quantum mechanics of
formulations of Heisenberg and Schroedinger, one would have thought that Newton’s law
would be the first classical law to be understood completely from a quantum aspect. This,
however, has not happened. Indeed, even today, we do not have a quantum treatment of
Newton’s law that is known to be correct phenomenologically. In this paper, we propose
a possible solution to this problem.
We start from the formulation of Einstein’s theory given by Feynman in Ref. [1, 2].
The respective action density is ( in this paper, like Feynman, we ignore matter spin as
an inessential complication [3] )
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Here, ϕ(x) is our representative scalar field for matter, ϕ(x),µ  ∂µϕ(x), and gµν(x) =
ηµν + 2κhµν(x) is the metric of space-time where we follow Feynman and expand about
Minkowski space so that ηµν = diagf1,−1,−1,−1g. R is the curvature scalar. Following
Feynman, we have introduced the notation y¯µν  12 (yµν + yνµ − ηµνyρρ) for any tensor
yµν
1. Thus, mo is the bare mass of our matter and we set the small tentatively observed [4]
value of the cosmological constant to zero so that our quantum graviton has zero rest mass.
Here, our normalizations are such that κ =
p
8piGN where GN is Newton’s constant. The
Feynman rules for (1) have been essentially worked out by Feynman [1, 2], including the
rule for the famous Feynman-Faddeev-Popov [1,5] ghost contribution that must be added
to it to achieve a unitary theory with the fixing of the gauge ( we use the gauge of Feynman
in Ref. [1], ∂µh¯νµ = 0 ), so we do not repeat this material here. We go instead directly to
the treatment of the apparently uncontrolled UV divergences associated with (1).
To illustrate our approach, let us study the possible one-loop corrections to Newton’s
law that would follow from the matter in (1) assuming that our representative matter is
really part of a multiplet of fields at a very high scale ( MGUT = 10
16GeV ) compared to
the known SM particles so that it is sufficient to calculate the effects of the diagrams in
Fig. 1 on the graviton propagator to see the first quantum loop effect.
To this end, we stress the following. The naive power counting of the graphs give their































Figure 1: The scalar one-loop contribution to the graviton propagator. q is the 4-
momentum of the graviton.
degree of divergence as +4 and we expect that even with the gauge invariance there will
still remain at least a 0 degree of divergence and that, in higher orders, this remaining

















k02 −m2 + i (k2 −m2 + i) (2)
, where we set k0 = k + q and we take for definiteness only fully transverse, traceless
polarization states of the graviton to be act on Σ so that we have dropped the traces from
its vertices. Clearly, (2) has degree of divergence +4. Explicit use of the Feynman rules
for (1) shows indeed that this superficial divergence degree gets larger and larger as we
go to higher and higher loop contributions.
However, there is a physical effect which must be taken into account in a situation
such as that in Fig. 1. Specifically, the gravitational force is attractive and proportional
to (mass)2, so that as one goes with the integration four-momentum k into the deep
Euclidean (large negative (mass)2) k2 regime ( assume we have Wick rotated henceforth
), the ‘attractive’ force from gravity between the particle at a point x and one at point x0
becomes ’repulsive’ and should cause the respective propagator between the two points
to be severely damped in the exact solutions of the theory. This suggests that we should
resum the soft graviton corrections to the propagators in Fig. 1 to get an improved and
physically more meaningful result.
We use the formulas of Yennie, Frautschi and Suura (YFS) [6], which we have used
with success in many higher order resummation applications for precision Standard Model [7]
EW tests at LEP1/SLC and at LEP22, to resum the the propagators in Fig. 1 to get the
2For example, the total precision tag for the prediction for the LEP1 luminosity small angle Bhabha
2
result
i∆0F (k)jY FS−resummed =
ieB
′′(k)
(k2 −m2 + i) (3)
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(4)
where we define ∆ = k2−m2 and λ is the usual infrared regulator. For the deep Euclidean










so that, as we expected, the soft graviton resummation following the rigorous YFS pre-
scription causes the propagators in (1) to be damped faster than any power of jk2j! When
































k02 −m2 + i (k2 −m2 + i) .
(6)
Evidently, this integral converges; so does that for Fig.1b when we use the improved
resummed propagators. This means that we have a rigorous quantum loop correction to
Newton’s law from Fig.1 which is finite and well defined.
Continuing to work in the transverse, traceless space for Σ, we get, to leading order,
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where the self-energy function ΣT (q2) follows from Fig. 1 by the standard methods ( the
new type of integral we do by steepest descent considerations for this paper ) and for its





















scattering process from BHLUMI4.04 [8], which realizesO(α3)LL YFS exponentiation, is 0.061%(0.054%)
according as one does not ( does ) implement the soft pairs correction as in Refs. [9, 10]. This theory
uncertainty enters directly in the EW precision observables such as the peak Z cross section [11] and the
success of the Z physics precision SM tests with such observables gives experimental validity to the YFS
approach to resummation.
3
where MP l = 1.221019GeV is the Planck mass , x0 = pi2
M2Pl
m2csd
and we work in the leading
log approximation for the big log L = lnx0. The steepest descent factors csd, fsd turn out
to be csd ’ 12.9, fsd ’ 5.79 102.









ΣT ′′(0) ’ 75.6MP l in an obvious notation. With the current exper-
imental accuracy [12] on GN of 0.15%, we see that, to be sensitive to this quantum
effect, we must reach distances  7.05  10−21GeV −1 ’ 0.14  10−33cm. Presumably,
in the early universe studies [13], this is available 3. This opens the distinct possibility
that physics below the Planck scale is accessible to point particle quantum field theoretic
methods.
We believe then that we have found a systematic approach to computing quantum
gravity as formulated by Feynman in Ref. [1,2]. The law of Newton may now be studied on
equal footing with the other known forces in the Standard Model [7] of SUc(3)SU2LU1
interactions.
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3Indeed, during the late 1960’s and early 1970’s, there was a very successful approach to the strong
interaction based on the old string theory [14], with a Regge slope characteristic of objects of the size of
hadrons,  1fm. Experiments deep inside the proton [15] showed phenomena [16] which revealed that
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